Abstract Aluminium (Al) alloys are employed, from aerospace, automotive body panel, building industry to kitchen wares. This paper attempts to close an existing gap in the usage and variation in the percentage weight (% w.t.) of two constituents [Magnesium (Mg) and Copper (Cu)] in Al alloy and evaluate the impact of such variations on yield strength in N/mm 2 and percentage elongation (% e) at ambient temperature. Experimental X7475 alloy was prepared from constituents drawn from 6 % Zn, 2.5 % -3.5 % Mg, 1.8 % -3.0 % Cu, 0.03 % Mn, 0.23 % Cr and Al as balance in all cases. The result revealed that yield strength increased with increase in Mg and decreased with increase in Cu as a maximum yield strength of 384.57 N/mm 2 was displayed by an alloy of 2.5 % Mg, 3.0 % Cu while the least yield strength of 130.00 N/mm 2 was recorded by an alloy of 3.5 % Mg, 3.0 % Cu. Ductility (% e) increased with increase in Cu. The paper submitted that mechanical properties of Al alloys depend not only on the content of alloying elements, but also on their relative chemistries with each other, impact of impurities and heat treatments.
Introduction
In all aspect of engineering application, aluminium alloys are employed, ranging from aerospace, automotive body panel, building industry to kitchen wares. The potential for the electronics industry is also obvious. Its desirable chemical, physical and mechanical properties, high strength-to-weight ratio, desirable appearance, nontoxic, non-sparking, non-magnetic, high corrosion resistance, high electrical and thermal conductivities and ease of fabrication [2] makes it a candidate in engineering applications.
Mechanical properties of a material are used to determine its suitability for a particular application [12] . There is the need to develop new and innovative alloys, following [5] ; to meet the current and future needs of the aluminium industry; thus necessitated alloying it with other elements especially when workability and processing time is brought to the fore as in plasticity.
The arbitrary yield strength is used for those materials not exhibiting a natural yield point such as nonferrous metals. The percent elongation at failure is the plastic extension of the specimen at failure expressed as change in original gauge length x 100 divided by the original gage length. This extension is the sum of the uniform and no uniform elongations. Any net strain remaining after the stress is released is plastic deformation [12] .
Most important elements added to aluminium are; Bismuth (Bi), Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb), Magnesium (Mg), Manganese (Mn), Nickel (Ni), Silicon (Si), Titanium (Ti), Zinc (Zn) and Zirconium (Zr). Magnesium is the only frequent addition to aluminium. In some alloys, two or more elements are used in combination (e.g. Magnesium together with Si or Mn). When Zn is the principal alloying element, such alloy belongs to the 7xxx series. The alloying elements are added to bring about changes in the properties of aluminium [10] .
An X7475 is an experimental alloy, the prefix "X" was factored into the designation to indicate that the alloy is at the experimental stage. When the alloy ceases to be experimental the prefix will be dropped. The first digit (7) indicates the major alloy group, Zinc. Digits two and three (4 and 7) indicate the aluminium purity as 5 was for further identification [10] .
[2] conducted an experiment on aluminium alloy of the AA7xxx series, laying emphasis on determining the tensile properties from stress-strain curve within a temperature range of 37 to 325°C. [15] 's investigation borders on AA5182 solid solution of Mg in Al, with alloying elements drawn from Al -5.0 % Mg -0.3 % Mn -0.1 % Cu -0.2 % Si -0.2 % Fe (w.t. %), varying only the thickness of the sheet from 1.5 to 2.0 mm, while all other elements were held constant.
This paper attempts to close an existing gap in the usage and variation in percentage weight (% w.t.) of two constituents; Magnesium and Copper, in aluminium alloy and evaluate the effect of such variations on yield strength and percentage elongation (% e) at ambient temperature. In this work, we refer to an alloy of 6% Zn, 3.5 % Mg, 3.0 % Cu, 0.03 % Mn, 0.23 % Cr and Al balance as an alloy of 3.5 % Mg, 3.0 % Cu for ease of presentation and to indicate that emphasis is on these elements, since Al will always balance the weight and other constituents were assumed constant.
Section 1 is a brief overview of the basis for this experimental and developmental research, section 2 discussed materials and experimental procedures, section 3 discussed the result of experiments and in section 4, we concluded on the premise of the experiment.
Materials and Experimental

Materials
Materials used for this experiment include commercially available aluminum of 99.9 % purity in the form of bundles of wires, 99.5 % pure zinc and 99.5 % pure cupper in precipitate form, magnesium ligands, Ferro-Chromium (Fe-Cr), Ferro-Manganese (Fe-Mn), and sulphur.
Experimental Procedure
A permanent mould was designed to produce standard samples of X7475 alloy measuring 5 mm gauge diameter and 30 mm gauge length. Percentage weight of Mg and Cu were varied from 2.5 % -3.5 % and 1.8 % -3.0 %, while Mn, Cr, and Zn are kept constant as aluminium completes the mixture in all cases. Table 1 shows the alloy configurations adopted for this experiment. To produce samples, 3600 g of alloy was required; an additional 400 g was added to take care of casting risers, gate and tolerance against wastes.
The crucible was placed in the furnace to preheat it to a temperature of 200°C hence eradicating the moisture content. Melting temperature was alternated between 450 -1100°C, taking care of preheat, heat requirement to melt all constituents and that required for proper homogenization of the alloy mixture. Constituents were charged in according to melting point temperature and order of quantity to facilitate homogenization; introducing Al, Zn, Mg, Cu, Mn, Cr and S. A pipe was used as guide to prevent Mg from getting in contact with the atmospheric oxygen since it readily reacts and flammable.
A mould designed to take 1200 g per charge was used in rolling out three (3) samples at a pour.
Constituent Analysis, Metallography and Tensile Test
Multisampling bench top XRF Analyser, X-Supreme 8000, was used to perform semi and full quantitative analysis of samples. 
Result and Discussion
Discussion of Result on Constituent Analysis
By design, the alloy produced was made of constituents drawn from 6% Zn, 2.5 % -3.5 % Mg, 1.8 %-3.0 % Cu, 0.03 % Mn, 0.23 % Cr and Al as balance in all cases. However, 0.1g of S which doubled as quantity of Fe in Cr and Mn was added to eradicate Fe. The purpose of conducting the material composition test was to establish if the constituents claimed to be in the alloy were present in the acclaimed quantity. The result of composition as presented on Table 2 revealed presence of elements like Potassium, Silicon and Titanium, which were not added by design. These were in the form of impurities. We observed that they may not be unconnected with the melting carried out on a local furnace when there was power outage and during pouring process. It can also be much linked to particles picked up from Fe-Cr or Fe-Mn as was established in alloys produced by [1] , especially when casting is involved. The impacts of these elements on mechanical properties vary from increase in hardness to decrease in tensile strength.
The percentage by weight of Sodium (Na) varied between 1.951 in sample 1 to 2.179 in sample 9 as represented on Table 2 . This variation is strongly linked to the change in quantity of other constituents of the alloy. For instance, in sample 2, Na has 2.064 % wt. in contrast to the original design where Na was not part of the alloy. By implication, since Al-Cl can be reduced with Na and reacts with Si and other Oxides to form oxide solution at temperature up to 240°C [3] , then Na may be present.
In sample 3, 4, 5 and 6, Na presence are 2.046, 1.991, 1.990 and 2.149 respectively. From the tensile strength result, it can be deduced that % wt. of Na has no stable pattern on the tensile strength of the alloy in question. The concentration in % wt. of Mg observed an upward and downward change from sample 1 through 9. A maximum % wt. of 3.672 can be observed in sample 6. In another development, a least % wt. of 2.327 was recorded in sample 3. This negated the measured quantity of 2.5 % wt. in samples 1, 2 and 3. The result of composition also revealed a variation in the Mg concentration in samples 4, 5 and 6 which were chosen to be 3.0 % wt. by design but revealed to be 3.24, 3.002 and 3.672 % wt. respectively as presented on Table 2 . This variation may be due to human error in measurement. More so, when the quantity measured was small. The impact of Mg on mechanical properties of the alloy is noticeable in the area of increase in tensile strength, with less impact on elongation.
Notable in the composition analysis also was Silicon (Si). Its % wt. ranges from 2.204 -2.942. In sample 1, 2.6 % Wt. concentration was revealed, the highest was recorded in sample 5. The presence of Si can be linked to Fe, Cr and Mn which were in Fe-Cr and Fe-Mn even as impurities picked up during casting. The impact of Si is to give good casting characteristics to the alloy, following [13] . Though, efforts were made to reduce the content of unwanted constituents by using permanent mould for the casting and placing all constituents on impurity free surfaces before melting; these had little impact, but not to the extent of eradicating Si completely. Again Al-Cu was an amalgam; there is also likelihood of picking up some Si.
Sulphur (S), was added to the alloy owing to its ability to eradicate Fe in Fe-Cr and Fe-Mn, it can also increase the corrosion-resistant inherent in aluminium, following [12] . By measurement, 0.1 % wt. concentration was added. The result as presented on Table 2 revealed a highest value of 0.128 % wt. recorded in sample 8 with a least value of 0.081 % wt. in sample 3. It can be observed that the % wt. of S and that of Fe in all the samples are not equal. For instance, in sample 7, S had 0.099 % wt. presence while Fe has 0.219 % wt., such variation recorded may be linked to human error on one hand. On another hand, the presence of Fe in ligands was never established beforehand. The analysis prior to melting samples revealed an expected 0.1 % wt. of Fe contributed by Fe-Cu and Fe-Mn. This prompted the addition of 0.1 % wt. of S.
Elements such as Potassium (K), Calcium (Ca) and Titanium (Ti) were not added by design to the alloy. Though they appear in traces, as impurities, but their impact on the mechanical properties of the alloy cannot be neglected. In the case of K, ranging from 0.006 -0.009 % wt. it constitutes one of those elements which are not frequently added to Al as it was first isolated by Hans Christian Oersted (1777-1851) in 1824 by reducing it from its oxide with potassium amalgam as in [3] . Notable on Table 2 also is the nature of fluctuations experienced in % wt. of Ca where 0 was recorded in samples 2, 4 and 6 respectively. Samples 1 and 7 pulled 0.006 % wt. each while samples 5 and 8 recorded 0.007 % w.t. each. Ca has very low solubility in Al and forms the intermetallic CaAl 4 . Ca also combines with Si to form CaSi 2 , which is almost insoluble in Al and therefore will decrease age hardening. Its effect on aluminum-silicon alloys is to increase strength and decrease elongation, but it does not make these alloys heat treatable.
The % wt. of Ti ranges from the least % wt. of 0.002 to 0.014 as recorded on Table 2 . Sample 2 has the least value while sample 3 has the maximum value. Cr has been observed to have high corrosion resistance and hardness. Its presence in this alloy is to improve on the hardness and corrosion resistance of the alloy as a measure of the ability of the alloy to withstand sudden load and serve in corrosive environment. By implication, sample 3, 6 and 8 recording 0. 009 % wt. of Cr each are expected to have lower corrosion resistivity when compared with alloy samples 1, 5 and 9 with 0.017, 0.022 and 0.02 % wt. The structure revealed that sample 5 may be harder and resist corrosion better than sample 3.
Mn was to make the alloy harder, without making it any more brittle and Zn was to induce some strength in the alloy as required by the 7xxx series of superplastic alloys. Samples 2, 4 and 7 all recorded % wt. of 0.009 each of Mn and may be harder than samples 3 and 1 each having 0.007 and 0.005, if this assertion is to hold. Sample 6 has the highest % wt. of Mn. If this can be converted to effective mechanical property, then this alloy should perform better in hardness environment. On the other hand, sample 1 may perform less.
The presence of Fe was as a result of the drop out from the addition of Fe-Cr and Fe-Mn. Material composition analysis has revealed that Fe was not eradicated even at the addition of S. Similarly, if its impact on the mechanical property of the alloy is to be irrelevant, then the % wt. of S and Fe should balance off. Contrariwise, for instance sample 1 contains 0.103 % wt. of S and 0.078 % wt. of Fe. This scenario is repeated all through samples. The implication of this result is that Fe may be responsible for the brittleness nature of some of the samples even before tensile test was conducted and may even cause necking and reduce the tensile strength.
Zinc (Zn) was measured to be 6.00 % w.t. a quantity maintained throughout all samples using the electronic weighing machine. On the contrary, the result presents a challenge of establishing alloy composition materials beyond reasonable doubt hitherto casting. The maximum % wt. as analyzed on Table 2 is sample 8 with 3.30 % wt. concentration. The X7475 class of alloy is governed by % wt. of Zn. The least % wt. of 2.758 was recorded in sample 1. Zn contributes to only solid solution strengthening of the alloy [14] . The impact of Zn on mechanical properties has been investigated by [1] to be increase in tensile strength in combination with Mg.
Effect of Variation in Mg and Cu on Tensile Strength and Microstructure of Aluminium Alloy
Often, stress and strain are defined on the basis of a simple uniaxial tension test. Tensile tests are performed for several reasons. The results of tensile tests are used in selecting materials for engineering applications. Tensile properties frequently are included in material specifications to ensure quality. These properties often are measured during development of new materials and processes, so that different materials and processes can be compared. Finally, tensile properties often are used to predict the behavior of a material under forms of loading other than uniaxial tension ( [4, 6] ). During tensile testing of a material sample, the stress-strain curve is a graphical representation of the relationship between stress, derived from measuring the load applied on the sample, and strain, derived from measuring the deformation of the sample, i.e. elongation, compression, or distortion [9] . The micrograph of an alloy with 89.41 % Al, 6% Zn, 2.5 % Mg, 1.8 % Cu, 0.03 % Mn and 0.23 % Cr formation which was heat treated to half melting point temperature is shown in Figure 1 above. The structure revealed a matrix dominated by Al but surrounded by Zn and other constituents dispersed all through the alloy. The grains were relatively dislocation free compared with the grain boundaries where extrinsic grain boundary dislocations were regularly arranged into arrays. The formation of these arrays is a function of the heat treatment given to the alloy that improved on the binding energy between the latex of the alloy.
This alloy also has a maximum elongation of 26 % at a strain rate of 0.26 mm and yield strength of 370.05 N/mm 2 . Presented above also is the stress/ strain curve with a linear function of the form y = 37.16x + 30.229 R² = 0.9219. Where y represent the yield strength and x apparently representing the strain rate of the alloy. R² is a measure of correlation between the measured strength before final deformation of the alloy. Since R² is greater than 0.80, it is an indication of close relationship between the datum points. The implication of this function and curve is that any variation in content of Mg and/or Cu may have a positive impact on the tensile strength of the alloy. Though the microstructure depicts closed matrix in the lattice, yet there are some failure sites within which the alloy is most likely to fail. This alloy failed at yield strength of 375.346 N/mm 2 . Apparently, an equal % wt. of Mg and Cu may produce a stress/strain curve that is almost linear in nature as the sample maintained a lengthy uniform shape before necking occurred. This may be ascribed to the equality in Mg and Cu content. The property of the curve presented in Figure 2 above is characterized by a function of the form y = 38.713x + 103.18, R² = 0.6224. With R² = 0.6224, there is correlation between the yield point strength and other stress points; this may explain the closeness of the stress against strain. Yield strength of 385.80 N/mm 2 was recoded against strain of 23 % elongation. Again, at 260.85 N/mm 2 , the alloy demonstrated an initial failure signal, albeit elongated far beyond the point with subsequent test. By observation, the stress-strain curve was almost linear in nature.
Since the plastic behaviour of Al alloy is influenced by α-Al phase and eutectic Mg particles, it is reasonable to expect that the Ultimate Tensile Strength (UTS) and the elongation to fracture are controlled by a combined effect of Mg and Cu and eutectic Zn features in the alloy. The micrograph also revealed a well-coordinated lattice following the uniformity in the shape depicting a smectic arrangement. On another hand, there exist porous sites that may serve as potential failure sites and may be responsible for the failure of the alloy. This alloy has 18.33 % elongation and maximum strain of 0.18. The rate of elongation is a function of the structure and alloy composition following [4] . A comparison of this alloy and that with equal % wt. of Mg and Cu revealed higher strength has been demonstrated in that alloy with equal Mg and Cu representation. This result points to the fact that even as Mg improves on hardness of Al, it may improve on the tensile strength too. An innovative combination of Mg and Cu is important to achieve this. Segregation flocks were detected in the interface between Al and other constituents of the alloy, as shown in Figure 5 above. The formation of segregation bands is due to the local collapse of the dendrite network that causes flow of enriched liquid during the solidification phase. The main factors affecting this mechanism are the heat transfer coefficient, the interior flow velocity and the reduced solidification rate. Thus, the increased solidification time promotes the collapse of α-Al dendrites and, in turn, the formation of segregation.
Apparently, the gradient of the linear function and correlation varies with respect to the yield strength of the alloy. This can be observed when Figure 4 and Figure 5 are juxtaposed. The function y = 19.608x + 32.043 with R² = 0.7554 has a gradient of 19.608 which surpass that alloy with 3.0 % wt. Mg and 1.8 % wt. Cu configuration. This alloy displayed a structure with less purloins in the lattice. The matrix also portrayed higher percentage of aluminium spread all over the lattice. At the point of material linearity, geometric linearity and deformation also occurred following [7] . The heterogeneous nature of the alloy is responsible for the variation in the mechanical (tensile strength) properties and yield strength of 175.44 N/mm 2 . On the other hand, the 3.0 Mg, 3.0 Cu alloy shows a finer microstructure and defects free structure due to the higher pouring speed during the casting process and faster solidification rate. A similar trend follows from the alloy of 2.5 % Mg and 2.5 % Cu. It may be safe to observe that alloys with equal % wt. of Mg and Cu have finer structures and may be less porous to failure, Figure 6 refers please. Figure 7 represent the stress/strain curve and micro structure of 3.5 Mg, 1.8 Cu alloy configuration. The linear function, y = 10.863x + 25.284 and R² = 0.6457 is a demonstration of the intimacy of this alloy to the Hookean stress-strain behavior to a larger extent compared to the previous alloys. They both ceased to obey the linearity at points where stress equals 130 N/mm 2 . This result upheld the fact established in [2] . The implication of this result on mechanical properties of the alloy is that this alloy may sustain a uniaxial load within a capacity of 130N/ mm 2 . Apparently, an increase in the % wt. of Mg increased the yield strength of the alloy. respectively. The implication of this result on the tensile strength is that these alloys can find applications in environment where uniaxial tensile strength of less than 280 N/mm 2 is a requirement. The structures of both alloys revealed compaction and isotropic nature of the alloys and aligned closely with the work of [1] with a demonstration of high binding energy between the lattice.
It may be observed also that in both alloys, Mg was maintained at 3.5 % wt. while Cu was varied from 2.5 -3.0 % wt. This is an indication that an upward variation in % wt. of Cu impacted a corresponding increase in yield strength of almost 105 N/mm 2 . The nucleation of cavities, which led to fracture of the specimen, was considered to be related to the prismatic dislocation loops.
The different microstructure as function of the distance from the wall impacted on the mechanical properties of the alloy. It is expected that high properties are associated to a finer microstructure as a result of a reduced tension filed around the eutectic.
Conclusion
Samples of an experimental X7475 Al alloy was made from constituents drawn from 6 % Zn, 2.5 % -3.5 % Mg, 1.8 % -3.0 % Cu, 0.03 % Mn, 0.23 % Cr and Al as balance in all cases. The intent was to determine the impact made on the mechanical properties (e.g. yield strength, elongation and micrographic structures) by the variation made to Mg and Cu. However, 0.1g of S equivalent to Fe in Cr and Mn was added to eradicate Fe. We observed an increase in yield strength with increase in Mg and decrease with increase in Cu. Ductility and elongation both increased with increase in Cu. The yield strength alternated between 150 N/mm 2 and 384.57 N/mm 2 . Impurities in the form of K, Si, Ca and Ti were picked up during the casting process and may likely affect the mechanical properties obtained in this experiment. Also, the presence of Fe was observed to initiate brittleness of the alloy. The tensile strength of the alloy increased with the addition of Zn and Mg even as Cu had positive impact on the elongation of the aluminium alloy. Mechanical properties of Al alloys depend not only on the content of alloying elements, but also on their relative chemistries with each other and heat treatments.
The alloy of 89.41 % Al, 6 % Zn, 2.5 % Mg, 3.0 % Cu, 0.03 % Mn and 0.23 % Cr configuration was recommended for high yield strength applications, while that with 2.5 % Mg, 1.8 % Cu was recommended for high elongation applications. Additional research work is necessary to address constraints of machine availability, appraisal of the impacts of these variations on hardness and purity of alloy constituents.
